Water pollution and water shortage are two of the most important environmental problems in Beijing, China. Water quality of rainfall from July to August 2011 and runoff from a felt roof and an asphalt road were analyzed chemically and further investigated because these are potential sources for augmenting city supplies. Results indicate that chemical oxygen demand (COD Cr ), total phosphorus (TP), total nitrogen (TN), and ammonia nitrogen (NH 4 þ -N) concentrations of initial runoff from roofs and roads all exceeded the Class V surface water quality standard developed by the Ministry of Environmental Protection of the People's Republic of China (MEP). COD Cr concentration
(TSS), total organic carbon, and pH from four different roofs on the UAB University campus in Cerdanyola del Valles (Barcelona metropolitan region of northeast Spain) was generally better than the average quality in the literature (Göbel () found that collected roof rainwater in a rural village in southwest France had good physicochemical quality but did not meet drinking water requirements because weather caused unpredictable roof runoff quality.
In recent years, runoff from road surfaces has also been studied. Deletic () found a first-flush phenomenon in storm surface runoff when most of the event load is transported in the initial phase of discharged volume.
Normalized cumulative pollutant mass versus normalized cumulative runoff volume curve plotting was used to assess the first flush. However, regression curves are not reliable for prediction of the first-flush load of pollution input into the drainage system (Deletic ). Brodie & Egodawatta () performed washoff experiments using rainfall simulators and suspended particle load data collected at a road site in Toowoomba, Australia. They showed that particle loads from these storm events increase linearly with average rainfall intensity. All the above road runoff research focused on improving the aquatic environment. By contrast, our study involves simultaneous analysis of chemical parameters, varying characteristics of pollutant concentrations of runoff, and related rainwater harvesting technologies.
Water shortages are a serious problem in Beijing. Its per capita water resource availability is only 300 m 3 /year (Wang et al. ) . According to Falkenmark () , when per capita water supplies drop below 1,000 cubic meters per year, a country faces 'water scarcity'. Thus, like most cities, Beijing must conserve its water resources, and has for several years turned its attention to harvesting rainwater for domestic use. However, high water pollution levels in urban runoff is a serious problem that further diminishes the type of water supply. Therefore, the potential for collecting urban rainfall, which amounts to about 200 million m 3 annually in the city, is a research issue with high prospects.
In the early 1990s in Beijing, Zhang and Zhang () found that although water quality of roof runoff was poorer than from precipitation, the former could be used for irrigation according to a surface water quality standard (GB3838-88) developed by the Ministry of Environmental Protection of the People's Republic of China (MEP). With continuing development in Beijing, smoke and dust variations alter the pollution of precipitation. Additionally, runoff quality is affected by roofing diversification and increased traffic.
Given increasing reliance on rainwater, studies of its quality, analysis, and evaluation during flood seasons, and investigations of runoff quality from various rain harvesting surfaces (roofs, roads, and others) are imperative. In this research, rainfall and runoff samples from a felt roof and an asphalt road, which are common surfaces in Beijing, were monitored synchronously. The aim was to collect data for assessing urban rainwater quality changes from different rain harvesting surfaces from July to August 2011, thereby evaluating the feasibility of using stormwater for non-potable purposes.
METHODS

Study sites
Beijing is in a warm temperate zone, and is situated between The concentration of pollutants is strongly related to traffic intensity (Bjorklund ) . Samples were collected from road runoff near a road gully, whose catchment area is about 750 m 2 .
Data collection
An automatic rain gauge of a Hobo U30 automatic weather station was used to measure rainfall intensity. We collected samples during six rain events from different surfaces 
Analytical method
Samples were taken and then analyzed directly at the Groundwater Circulation Remediation Experimental and 
Miscellaneous Domestic Wastewater Quality
Standard (CJ/T48-1999)
Toilet flushing and city greening
Car washing and housecleaning found that mean concentrations in pollution events were positively correlated with days since the last event, which supports the idea that pollutants accumulate during dry periods. Abdulla & Al-Shareef () also indicated that rainfall intensity and number of dry days preceding a rainfall event significantly affect rainwater quality (rainfall that is directly collected). Rainfall from 16 If rainwater is used for irrigation, NO 2 À -N disposal should be considered, to avoid causing secondary pollution.
The relationships of pollutant parameters COD Cr , TP, TN, and TSS can be expressed as:
where y represents pollutant concentrations of COD Cr , TP, TN; x is TSS concentration; a and b are fitted coefficients.
From Table 2 , we see that most coefficients of determination exceed 0.80. COD cr concentration increased nearly in proportion with TSS. This may be explained by the 
CONCLUSIONS
Stormwater runoff samples from various rain harvesting surfaces were collected, and runoff water quality was analyzed.
The urban roof runoff pollution in developed Beijing is more serious than in some developed countries, especially regarding SS. Pollution of urban stormwater runoff in 2011 was more serious than in the 1990s. The main pollutants for the rain harvesting surfaces were organics, nutrients, and SS. Runoff quality is affected by atmospheric deposition, roofing materials, road type, rainfall intensity, precipitation amount, and rainfall intervals.
Initial runoff was more seriously polluted. Pollutant concentration decreases gradually with increased rainfall duration, eventually reaching relatively stable values. There were curve inflection points in each event, which mainly depended on rainfall intensity and time since the last rainfall event.
Runoff water quality is greatly influenced by the harvesting surface. Water quality is best for precipitation, followed by roof and road asphalt pavement runoffs. Runoff after the initial stage has lower COD Cr , NH 4 þ -N concentrations for both precipitation and roof runoff, and both satisfy the miscellaneous domestic wastewater quality standard for toilet flushing, city greening, car washing and housecleaning,
given physical treatment such as with a grid filter, flocculation and sedimentation. Pollution of runoff from the asphalt pavement road surface was more serious, and it cannot be used as a direct water supply for green irrigation, car washing, or artificial fountains. Pro-treatment processes such as aeration coagulation, sedimentation, disinfection, nitrification and denitrification are necessary for road surface runoff use.
